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Activating state of slip systems in polycrystalline metal can be reflected in the 
variation of the micro-meso conversion tensor Q in the constitutive equation 
based on the multiple strata plasticity model. In this paper the dependence of 
crystal lattice upon the tensor Q has been discussed in accordance with the 
simulated analyses for polycrystalline metals of BCC and HCP crystal structure. 
Model specimens consisting of many grains arranging at random in direction have 
been examined under proportional and non-proportional loadings. It is clarified 
that there is few difference between crystal lattices in the variation feature of the 
tensor Q for any loading path. 
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1. Introduction 
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It is well-known that the plastic deformation of polycrystalline metal mainly depends on 
the microscopic state including many dislocations. However, the arrangement and the moving 
behaviors of dislocations are too complicated to be described individually. 
In the previous paper [1], the authors proposed a mUltiple strata plasticity model based on 
the random barriers theory [2]. Concept of this model is schematically shown in Fig.I. In the 
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random barriers theory the resisting force field against the movement of dislocations is 
assumed as a unique concept. Applying this theory, the stress and plastic strain state in the 
macro-stratum can be directly connected with the averaged behaviors in the micro-stratum. 
The density of the moving dislocations and their average moving distance can be estimated 
for any stress increment, but the moving direction of each dislocation is not clear. Hence, it 
is assumed that the density of the moving dislocations can be allotted to each slip system with 
help of both a hardening characteristic of slip system and the resolved shear stress caused by 
the external stress. Then the slips of every activating systems may be evaluated and result in 
the ideal plastic strain increment taking an arrangement of the independent slip system in 
consideration. A conversion tensor may connects the ideal plastic strain increment with the 
actual one. 
The activating state of slip systems can be reflected in the micro-meso conversion tensor 
Q of the plastic constitutive equation in this model. The variation fe,atures of the tensor Q 
were exhibited in the previous paper for the polycrystalline metal of Fee crystal structure. In 
t~is paper, the dependence of crystal lattice upon the tensor Q will be discussed from 
simulated analyses for the polycrystalline metals of Bee and HCP crystal structure. 
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Fig. 1 Conceptual diagram for multiple strata 
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Miscs-type equivalent stress 
Unit vectors normal to the slip plane and along the slip direction 
Generalized Schmid factor tensor 
Critical resolved shear stress 
Constants in hardening characteristic relation of slip system 
Plastic potential function [ =exp{ ( (j / a ys)mSln(2)} ] 
Constants 
Internal structure variable [ =no/bN ] 
Barrier density, magnitude of Burgers vector, movable dislocation density 
Meso-macro conversion tensor ( secorid order tensor) [ =C:Q ] 
Plastic moduli tensor ( fourth order tensor ) 
Micro-meso conversion tensor ( second order tensor ) 
2. Plastic Constitutive Equation 
The plastic strain increment tensor d E P is given by the following formula. 
(D 
where k is the Meso-macro conversion tensor, C is the plastic moduli tensor, Q is the micro-
meso conversion tensor, W( a) is the plastic potential function capable to be evaluated from 
the tensile stress-strain curve, and Aa is the internal structure variable depending on plastic 
strain history. 
The components of the tensor C are assumed as follows. 
(2) 
Then the tensor k is given by the following matrix expression. 
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ku Cll Cl2 Cl2 0 0 0 Qll 
k22 Cl2 CU CI2 0 0 0 Q22 
k3) C12C12Cl1 0 0 0 Q)3 (3) 
2k12 o 0 0 cuo 0 2Q12 
2k23 0 0 0 0 C44 0 2Q23 
2k31 o 0 0 0 o Cu 2 Q31 
Moreover, the tensor Q is defined in accordance with the following analytical procedure 
taking slip systems in consideration. The generalized Schmid factor of the r-th slip system, 
Ii i/' is given by 
(i,j=1,2,3) (4) 
Then the resolved shear stress caused by the external stress (u) is expressed by 
3 
r_ L I t - \1"0 .. 1] 1} (5) 
i.j=1 
When the following equation is satisfied, the slip system can activate. 
(6) 
The hardening characteristic of slip systems is assumed to be expressed tentatively by the 
following relation between the resolved shear stress r and the shear strain r. 
(7) 
where c and n are the constants, respectively. Of course, the yielding shear stress of each slip 
system may increase in accordance with the slip accumulation. 
Hence, we should notice that the activating slip system must stop to slip under the 
following condition. 
(8) 
Such the sunspended system is always found after when the loading path bends, so it is called 
as the idling slip system. 
Since the density of moving dislocation in each slip system is proportionate to the shear 
plastic strain r, it can be estimated by the magnitude of the resolved shear stress r. 
Therefore, the tensor Q is defined as the proportionating tensor to the ideal plastic strain of 
the specimen as follows. 
(9) 
where M is the number of the activating slip systems. 
On the other hand, the equivalent plastic strain increment d E P is given by the following 
equation. 
-
where k is the equivalent conversion factor defined by 
K= f{ k ij k ij } (I 1) f { ( Cll - C22 ) 2 ( 0;1 + oi2 + 0;3) + 2 C424 (0;2 + oi3 + 0:1) } 
As be understood from the above formula, it is a convenient tool to use two parameters of QN 
(=Q211+Q222+Q233) and QT(=Q212+Q223+Q231) for discussing the influence of the crystal structure 
on the activating state of slip systems. 
3. Model Specimen and Simulation Procedure 
Model specimen is constructed with the same method proposed in the previous paper [1]. 
The Miller index of slip systems for FCC, BCC and HCP crystal lattices are summarized in 
Table 1 ""3, respectively. In order to make the model specimen of RCP, it is convenient to use 
the components of the unit vector a and b as shown in Table 4. 
Specifications of 6 model specimens used in this research are listed in Table 5. Specimens 
(CD--@) arc of the same number of slip systems, and the others (@""@) are of the same 
numhcr of grains. 
Simulation tests were carried out under the tensile, torsional, proportional and non-
proportional loadings applying the condition of n=O.l as a hardening characteristic of slip 
systems. The loading paths adopted here are schematically shown in Fig.2. 
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Table 1 Slip systems of FCC 
Slip system Planes of slip system Directions of slip system 
{11l}<110> OlD [110], [101], [011] 
(OD [TI0], [011], [IOlJ 
(TID [II0], [IOI], [oTI] 
OlD [II0], [TOI], [011] 
Table 2 Slip systems of BOC 
Slip Planes of Directions of Slip Planes of Directions of 
systems slip system slip system systems slip system slip system 
{l0l} <Ill> (10) nIl], [ITI] {l23} < 111 > (23) [I1D 
(TIO) [lIn [nT] (32) [ITI] 
(011) [lIT], [ITI] (312) [TIl] 
(01) nIl], [111] (321) [111] 
(101) [111], [Ill] (23D [ITI] 
(oT1) [Ill], [TIl] (213) [111] 
cT32) [111] 
(123) [III] 
(312) [111] 
(321) [ITI] 
(2T3) [TIl] 
(231) [T1I] 
(I12}<111> (12) [111] (132) [TIl] (23) [TIl] (12) [Ill ] (312) [ITI] (TI2) [ITI] (321) [I1T] 
oT2) [TIl] (213) [III] (21) [III] (231) [lIT] (21) [Ill] (132) [Ill] (T21) [lIT] (23) [111 ] (21) [}ll] (312) [III] (211) nIl] (32D [IllJ (211) [Ill] (231) [IllJ (211) [llTJ (213) [11I] (211) [111 ] 
Table 3 Slip systems of HCP 
Slip systems Planes of slip system Directions of slip system 
{000l} < 1120> (OOOD [12To], [1120], [200] 
{I01l} < 1120> (lOlD [1210] 
(TIOD [1120] 
(oTID [200] 
{l010} <1120> (loIo) [1210] 
(olTO) [200] 
(TIOO) [ 1120] 
(1010) [1210] 
(oTIO) [2110] 
(lIoo) [1120] 
Table 4 Components of vector a and b 
a b 
Slip system 
a I a2 a3 bl b2 
1.0 0.0 
{0001l (1120> 0.0 0.0 1.0 -0.5 8~ 
0.5 S5 
SI S3 Sl -0.5 85 {101J}<1120> 8 2 S3 Sl o. 5 85 0.0 0.5 0.0 1.0 0.0 
8, S3 0.0 0.5 s 
0.0 1.0 0.0 1.0 0. 50 ( 1010} < 1120> 82 s S 0.0 O. 5 85 
8, s. 0.0 -0.5 S5 
0.0 -1. 0 0.0 1.0 0.0 
8, s. 0.0 0.5 S5 
s=G s=-~ s=f"i s=-~ s=£ 1~7' 2 ~7' 3~7' 4 ~7' 52 
Specimen 
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@ 
@ 
@ 
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Tbale 5 Specifications of specimen 
Crystal Number of Slip Number of grains 
structures systems 
FCC 12600 1050 
BCC 12960 270 
HCP 12600 1050 
FCC 3240 270 
BCC 12960 270 
HCP 3240 270 
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Fig.2 loading paths for simulation. 
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b3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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4. Simulation Results and Discussion 
Fig.3 shows the variation features of QN in the tensile tests with the specimens (CD""@), in 
where QT is zero. We can see that QN keeps almost a constant value irrespective of thc crystal 
lattice in the specimen. Similar tcndency can be observed in FigA showing the variation of 
01' under torsional loading, in where QN is always zero. The results for another proportional 
loading tests (A and A') are shown in Fig.5(a) and Fig.5(b), respectively. Each variation 
feature of QN and QT is similar to that in Fig.3 or FigA under uni-axial loading. In these 
cases, however, there are some differences in each value of Q N and QT as well as in the ratio 
ON/QT" These differences may be caused by a disparity between them in loading path. In the 
result, the values of QN and QT under the proportional loading must be given in accordance 
with the loading path without regard to crystal lattice in polycrystalline metal. 
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Fig.3 Variation of ON for tensile test. 
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Fig.4 Variation of QT for torsional test. 
Fig.6 and Fig.7 show the simulated results in the non-proportional loading tests (B and C), 
respectively. After when the stress path turns, ON and OT start to change in accordance with 
the stress increasing under non-proportional loading. For both in these tests, both ON and OT 
seem to be varied complementary to each other. However, it is clarified that any difference 
between crystal lattices does not exist in the variation feature of the tensor Q. 
Even though the simulated results for the specimen (@""@) are omitted here, they almost 
agree with the above results for (CD--@) as a whole. 
Finally, even if the poly crystalline metal includes different crystal structure, the activating 
state of slip systems in the metal may be equivalently evaluated based on the variation of the 
tensor Q in this model. This shows us to be able to prepare a standard model specimen 
regardless of crystal lattice in specimen. It addition, the simulated results suggest that the 
tensor Q may be systematically regulated by the loading path. So, one of the future problem 
may be to clarify the relation between the variation of Q and the stress path. 
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Fig.5 Variations of ON and Or for the proportional tests. 
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Fig.6 Variations of QN and QT for the non-
proportional test (B). 
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Fig.7 Variations of QN and QT for the non-
proportional test (C). 
5. Conclusion 
It is clarified that the crystal lattice in polycrystalline metal does not affect the relation 
hetween the activating state of slip systems and the variation of the micro-meso conversion 
tensor Q. This means that we prepare only a standard model specimen regardless of crystal 
lattice. On the other hand, the variation feature of the tensor Q is considered to be closely 
related to the loading path. Therefore, to clarify the relation between the variation feature of 
Q and the stress path will be a problem in the future. 
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